Abstract-Improvement of advanced technologies in the field of high-velocity hydrodynamics is strategically significant in terms of national security and stable and long-term growth of the economy due to regional development in Siberia and the Arctic, as well as support of Russia's scientific and technological authority in the global arena. The practice of creating and operating large gravitational hydrodynamic tunnels with small Euler numbers is generalized to study cavitation processes under natural conditions and the motion of bodies in fluids at high velocities. Some results of model and field studies conducted in laboratories of the dam of the Krasnoyarsk hydroelectric plant are described. The authors suggest directions for follow-up studies and justify the need to set up a high-velocity hydrodynamics research center part of the High-Pressure Hydraulic Laboratory at the Krasnoyarsk hydroelectric plant, which is a completely unique facility.
As bodies move in a dropping liquid at high speeds (about 30 m/s and higher) and pressure in the liquid reaches the pressure of its saturated vapors at the designed temperature, the phenomenon of cavitation appears. By the classification adopted in 1955 at a symposium in London [1] , the mechanism of development of cavitation is treated as the inertial development of bubbles (vaporous cavitation) or as the diffusion of a dissolved gas in the cavitation core (gaseous cavitation) from a flowing fluid or from cracks on a body's surface (the Kornfeld-Suvorov hypothesis [2, 3] ).
At present, basic and applied problems of research in cavitation within the modern objects of the technosphere are priorities for ensuring their safety. The hydrodynamics of cavitating flows, distinguished by the presence of gas-vapor inclusions (separate bubbles, bubble clusters and clouds, and supercavitation pockets), has a number of peculiarities that significantly hinder its study, simulation, and, ultimately, control. This is especially important for high-velocity flows. The motion paths of particles can mismatch the flow lines of the carrying medium; here the development of instabilities on the boundaries of the phase interface has a significant influence in gas-vapor inclusions. Shock-wave propagation has distinctive features in a polyphase medium. Studies on the dynamics of processes that occur near the surface of a body in the conditions of cavitation are extremely important.
The current state of the methods of numerical simulation of cavitation processes does not make it possible to ensure fully the acceptable level of their description even when using the most advanced models and supercomputers. This is due to the extreme complexity, immensity, and diversity of physical processes that take place during cavitation. Therefore, one of the main vectors to improve the efficacy of research into cavitation flows is the design and development of experimental equipment and technologies for model and field studies, taking into account the scale effect. Information about thermodynamic properties and phase equilibria in multicomponent systems is, as a rule, limited [4, 5] .
Currently a trend has developed to unite state-ofthe-art mathematical tools and computational technologies to solve practical problems in various industries. It is important that most continuous production flows are accompanied by heat-mass exchange processes in conditions of complex hydrodynamic phenomena, for example, supercavitation [5] . However, it is rather difficult to consider and study the above processes simultaneously. Basically, theoretical and applied problems are considered from different points of view separately, taking little account of how some processes affect others. Uniting the effects of the heat exchange, mass transfer, and hydrodynamics of interacting media into a single computational process based on large-scale physical simulation is one of the most important problems of high-velocity hydrodynamics.
Computational technologies based on state-ofthe-art mathematical methods are becoming the main tool for the development of fundamentally new technologies and engineering systems. Mathematical modeling is an integral part of unique physical experiments and forecasts. On the other hand, the development of methods of mathematical description should, of course, be accompanied by a broad set of verifying experiments, performed on process units of various scales. This evolutionary process may result in scientifically substantiated methods of calculation of the main technological and design parameters (geometrical, hydrothermodynamic, and cavitational) when designing reliable and highly efficient technological apparatuses in industries in which the processes of heat and mass exchange and hydrodynamics of interacting currents play an important role [4, 5] .
SCIENTIFIC PROBLEMS OF HIGH-VELOCITY HYDRODYNAMICS
In 1971, at the opening of the IUTAM International Symposium (Leningrad), Academician L.I. Sedov noted, "…a cardinal solution to high-speed motion of bodies in water is associated with solving hydrodynamic problems implementing fundamentally new schemes of flow around bodies and using new propulsion systems" [6, p. 9] . This thesis has retained its relevance to this day. The problem of water resistance and the problem of new and more powerful thrust-engine systems are closely interrelated and, regardless of the heat medium (chemical or atomic), are, basically, problems of high-velocity hydromechanics.
The realm of problems associated with the flow of biphasic media (in this case, supercavitating flows) is extremely broad and includes studies on the flow of systems such as "fluid-fluid", "fluid-solid," and "fluid-gas" [7] [8] [9] [10] [11] . Many aspects of these problems are covered by numerous publications, the topicality of theoretical and experimental studies on biphasic systems increasing with the creation of samples of new equipment and armaments. Fundamental knowledge of specific propagation of disturbances in biphasic media (for example, in vapor-gas-fluid flows) of different flow structures (regimes) is necessary to analyze the safety and efficacy of the corresponding systems. Of interest are processes of exciting cavitation by pulses of negative pressure and of the propagation of these pulses in gas-fluid heterogeneous media.
The technological importance of study of biphasic gas-fluid flow is great. However, despite the large number of works dedicated to this topic, designers still have no reliable calculation method or recommendations for designing special-purpose equipment. In the near future, it will be almost impossible to obtain a satisfactory theoretical model that would take into account all aspects of the flow of biphasic systems in which the surface of the interface between phases might have a very complex form. Significant success can be reached in the modeling of such flows if a certain degree of limitation is introduced into the description of the flow structure and the geometrical shape of the interface surface; in other words, the notion of flow behavior or flow regime should be introduced. The theory of advanced cavitating flows is especially necessary for the study of the motion of finite bodies when 3-D cavities appear. The methods of conformal mapping, which are traditionally used to analyze flat flows, prove to be inapplicable to spatial flows.
Interestingly, despite proofs that the uniqueness of solutions to specifically set Helmholtz-Brillouin problems exists, there is not a single precise analytical solution for spatial flows. The hybrid method of E. Trefftz and the asymptotic formulas of P. Garabedian are of a particular nature and are applicable only to the simplest bodies and their motions. Consequently, fundamental studies on spatial cavities and methods of their calculation for bodies of sufficiently arbitrary shapes are necessary. The development of a linearized theory of supercavitating flows for thin elongated bodies will be of great practical importance. • study of fl ow regimes in blade systems (hydroturbines, pumps, propellers); the appearance of instabilities in the flow; regimes with eddy precession, which leads to the vibration of assemblies; regimes with the formation of cavitations (film, cloud, supercavitation);
• study of cavitation regimes in channels (suction pipes of hydroturbines, heat contours and pipelines of nuclear power plants, fuel-system elements of diesel engines, etc.);
• optimization of the regimes of external fl ows around bodies; study of the resistance of bodies of complex shape, bodies with moving boundaries, and bodies with coatings and a gas-phase input;
• analysis of pressure pulsations in the track behind streamlined bodies, hydroacoustic studies;
• consideration of a broad range of industrial problems, including problems with moving bodies and free surfaces for regions of complex geometry;
• monitoring experiments with mathematical modeling using commercial and specialized software and high-performance supercomputers;
• development of systems for monitoring and diagnosing vortex-core parameters under the turbine wheel and in the suction pipe of the hydraulic unit; study of the energy parameters of the vortex core; ways to reduce the energy of the vortex core using state-ofthe-art developments and technical facilities; the development of massive curvilinear fairings that correspond to the hydraulics of the vortex flow at the wheel output with flow aerators on downward edges of fairings;
• study of the motion of bodies at high speeds (propellers, rudders, torpedoes, shells, etc.);
• assessment of the importance of the process of cavitation erosion of the surfaces of blade systems and of solid-particle erosion; refining of the methods of protection of blade systems against erosion (geometry optimization, air injection, protective coatings);
• analysis of issues associated with the treatment of water, water solutions, and mixtures (aeration, degassing, fluid mixing, chemical reactions in flows, etc.);
• development of technologies to obtain new constructional nanomaterials;
• development of energy-and resource-saving technologies for life support of megalopolises;
• cavitation conditioning of natural and waste waters;
• development of a technology to strengthen, restore, and protect the concrete shell of the waterways of hydraulic units along the downstream face of hydroelectric dams by laying sulfur concrete with surface armoring.
The above trends consider both basic and applied problems, but they do not cover the entire spectrum of problems.
THE EXPERIMENTAL BASE OF LARGE-SCALE HYDRODYNAMIC STUDIES
Analysis of recent foreign and domestic publications shows the topicality of solving the above problems, most of which are based on precision physical experiments. The most widespread tool for studying cavitation is cavitation tunnels, laboratory facilities consisting of a closed or open pipeline in the working area of which a water flow is created with adjustable velocity and pressure. Hydrodynamic, including cavitation, tunnels are necessary not only for research but also for design organizations that create marine propellers and hydraulic mechanisms, as well as for higher education institutions with the corresponding departments.
Large-scale pipes are considered to be those with cross sections or diameters of their working areas over 300-400 mm. They have broad experimental abilities of industrial value [12, 13] . These, as a rule, are complex engineering facilities, incorporating the latest achievements of science and technology. Their construction is preceded by thorough adjustment of nodes and their interaction on models of a smaller scale [16] [17] [18] . Large cavitation tunnels are unique, and their cost is very high. Therefore, they are preferably made universal, with the possibility of conducting a wide range of hydrodynamic cavitation studies. During tests of large-scale models with Reynolds numbers on the order of 10 7 , the diameters of the working areas should be about 1 m and more. The driving power of such units is hundreds of megawatts.
The table shows data on some hydrodynamic pipes, the world's general list of which is now numbering 150-200 units. However, the sizes of these pipes often make it possible to study models of small diameters and at low velocities. Tests on small models, no doubt, are necessary but insufficient for solving problems associated with large-scale effects on the characteristics of streamlined bodies. Authentic data can be obtained on test units that correspond to models that approximate the natural conditions. The most correct way of obtaining useful information is to compare the results obtained in pipes of different scales.
THE HIGH-PRESSURE HYDRAULIC LABORATORY AT THE KRASNOYARSK HYDROELECTRIC PLANT
In 1975, a unique hydraulic laboratory for largescale studies at velocities of up to 40 m/s on flumes of up to 2 m in diameter with hydraulic capacities of up to 50 MW [12] , which exceeded by several times the capacities of the existing hydrodynamic tunnels (see table) , was established as part of the Siberian Branch of the Vedeneev All-Russia Research Institute of Hydraulic Engineering near the dam of the Krasnoyarsk hydroelectric plant (Divnogorsk) to optimize hydrojet engines and hydrojet systems with minimal permanent losses.
The High-Pressure Hydraulic Laboratory (HHL) is located on the left abutment of the dam of the Krasnoyarsk hydroelectric plant (Figs. 1, 2) . By its hydraulic parameters, it has no analogs in the world. The HHL's characteristic feature is that water is fed to the experimental benches not by pumps but by the natural head directly from the reservoir of the hydroelectric plant. Each of the three intake tunnels ensures a water flow rate of up to 30 m 3 /s. The maximum pressure at the experimental benches can reach 0.8 MPa, which corresponds to the head of an 80-m water column. The implementation of hydraulic schemes with discharge to vacuum and the following discharge of water under the free surface level down to 10 m below the building's floor level ensures the use of an elevation difference of up to 90 m with the corresponding broadening of the velocity range in the test sections and increase in the hydraulic capacity of the benches (Fig. 3) .
The laboratory was created for investigations on model components of spillway tracts and hydroturbine Characteristics of some active cavitation hydrodynamic tunnels Types of working areas: (1) solid, (2) perforated, (3) with free surface, (4) with a free-falling jet, (5) and hydromechanical equipment, as well as to study aeration, cavitation, and cavitation-erosion processes and to solve some problems of high-velocity hydrodynamics. The HHL includes a laboratory room of 100 × 18 m and a height of 18 m, cameral and control rooms, and three large-scale experimental units. By its opportunities for conducting tests on equipment models, materials, and hydroequipment components, this research complex is unique and could develop into a world-level research center.
It took many years to develop this laboratory. From 1983 to 1994, it conducted model studies under the federal target programs "World Ocean" (1981-1986), "Ocean Energy" (1985) , and "Siberia" (1985) (1986) (1987) . The laboratory also implemented the international project TACIS on energy saving and performed specific research programs within contracts with the following customers: the Central Research Institute Gidropribor (Leningrad), the Research Institute of Applied Hydromechanics (Moscow), the Institute of Hydromechanics of the Academy of Sciences of the Ukrainian Soviet Socialist Republic (Kiev), the Institute of Thermophysics of the Siberian Branch of the USSR Academy of Sciences (Novosibirsk), the Zhukovskii Central Aerohydrodynamic Institute (Moscow), and many others.
As a result of several research projects conducted at the High-Pressure Laboratory of Large-Scale Hydraulic Research of the Siberian Branch of the Vedeneev All-Russia Research Institute of Hydraulic Engineering [19] and at the Krasnoyarsk Polytechnic Institute (later on, Krasnoyarsk State Technical University), hydraulic benches, as well as measuring information and computational systems, were designed and mounted. In 1983-1984, a multifunctional instrument complex was commissioned, meeting all stateof-the-art requirements on hydrodynamic experimentation, making it possible to measure the parameters of high-velocity flows automatically, in real time, and outputting ready-for-analysis information [12] . The experience of creating large gravitational hydrothermodynamic tunnels as part of the dam of the Krasnoyarsk hydroelectric plant with a head of up to 100 m is unique in the world's research practice.
A significant achievement of this period was the creation of the crucial arms component for the project 671 modernized nuclear vessel-the antisubmarine missile complex Shkval, the development of which [20] . The minds behind the new complex were the scientists of the Moscow Branch of the Zhukovskii Central Aerohydrodynamic Institute (now, GosNITs TsAGI), particularly, Academician G.V. Logvinovich. The weapon was designed directly by NII-24 (now, GNPO Region), headed by Chief Designer I.L. Merkulov (later, he was succeeded by V.R. Serov, and the work was finished by E.D. Rakov). The Shkval complex included a hypervelocity underwater missile, which could travel at a speed of up to 200 knots (for a range of 11 km). This was reached by an engine driven by a hydroreactive fuel, as well as by the shell's movement in a gaseous cavity, which minimized hydrodynamic resistance. The missile was controlled by an inertial system, insensitive to noise (Fig. 4) . Note that there are still no analogs abroad to this highly effective complex with the practically absolute probability of hitting the target caught within its range.
Monograph [21] generalized the results of perennial research into the optimal hydroreactive engines and hydroreactive systems with minimal permanent losses (after Sedov) and gave the basics of the theory, calculation, and search design of such systems with blade, gas-fluid, and water-steam engines (of direct and indirect reaction) for high-speed marine, river, and deep submergence vehicles, as well as hardware for exploration of the World Ocean. Most experimentation was conducted at the HHL benches at the Krasnoyarsk hydroelectric plant [12] . Figure 5 shows the characteristics of experimental dependence of the coefficient of hydrodynamic resistance ζ for a model of a hydroreactive system with a notched water intake from the Re number and the suction coefficient С Q for short transverse slots:
(1) (2) where is the velocity of the incident flow; is dissipative energy losses in the notched water intake; and is the force of hydrodynamic resistance during the intake of the working fluid into the stern section.
The described model makes it possible to perform experimental research at Re numbers of up to 2 × 10 7 owing to the measurement of its length and the velocity of the incident f low. The range of the Froude number values during modeling lies within Fr = 0-6.5. The error of the values measured is within 1-5%.
In the 1990s, as the Krasnoyarsk hydroelectric plant transferred from public domain to the ownership of OK RUSAL, the laboratory was removed from service. Today it is on the books of the owner of the hydroelectric plant; however, since it is a noncore asset, a high probability exists that it will be liquidated for good. Preliminary inspection of the condition of the HHL facilities, conducted under the aegis of the branch of the Science Foundation of Krasnoyarsk krai by the associates of Siberian Federal University and the Nauka Specialized Design Technology Office of the Krasnoyarsk Research Center, RAS Siberian Branch (currently, the Nauka Design Technology Office, RAS Institute of Computational Technologies), has shown the possibility of reclamation work and measures to create a highvelocity hydrodynamics research center using the existing facilities.
A RESEARCH CENTER FOR HIGH-VELOCITY HYDRODYNAMICS (RC HVH) PROJECTS
Statement of research problems. In line with the List of Priority Trends in the Development of Science, Technologies, and Engineering in the Russian Federation [22] , such a center could set up research into promising armaments, military and special equipment, new materials for the development of Russia's critical technologies, and energy efficiency and energy saving, including the following:
• basic and critical military and industrial technologies for promising armaments, as well as military and special equipment;
• technologies of the means of high-velocity transportation and intelligent systems of control over new types of transportation;
• technologies of obtaining and processing constructional nanomaterials.
The processes and phenomena during the motion of bodies in water at high velocities, as hydraulic equipment and facilities operate in the conditions of biphasic cavitation flows, erosion, and dispersion, despite the large number of works in this field, require further in-depth studies. It seems appropriate to enumerate the most important problems in the development of cavitation studies and technologies:
• development of phenomenological and mathematical models of interaction between bubble groups and the disperse phase; Ω 0
• determination of functional dependences that link the parameters of cavitation flows with technological effects; optimization of the processes of cavitation attack on processed media and constructions;
• identification of impacts of cavitation-accompanied chemical, electrochemical, heat-mass-exchange factors, among others;
• creation of methods for calculating supercavitation mechanisms, machines, and apparatuses suitable to design new and modernize the existing technologies in various industries;
• study of the regularities of the motion of overwater and underwater vessels and high-velocity submarine apparatuses, including defense-specific ones;
• study and optimization of processes that occur in the components of hydroturbine equipment, as well as pumping and pipeline systems;
• testing of materials in high-velocity fl ows; obtainment and study of new nanomaterials and nanocomposites with nontrivial physicochemical and physicomechanical properties for defensive equipment;
• study of foils and rudders streamlined by highvelocity flows;
• development of efficient and rapid methods of control and automation of operating procedures using cavitation;
• development of new approaches and modernization of existing machinery and methods of hydrodynamic experimental and measuring complexes in high-velocity flows.
When solving problems associated with cavitation flows in fluids, several problematic issues should be kept in mind.
First, we are speaking about studies on cavitation mechanisms and processes. When modeling a fluid as an ideal continuum, the findings are conditional, because they do not take into account the processes of cavity closure (foaming, vortex formation, nonsteady bubble collapse, etc.) and track formation behind them in a real fluid. These results, under the accepted hypotheses about the scheme of steady cavity closure, make it possible to determine only the field of velocities and pressures on bodies. In solving such problems, it is possible to define cavitation resistance as an integral of normal tensions in the projection on the direction of body motion. If we apply the theorem of pulses or energy for the reference surface outside of the "body-cavity" system, we will obtain a paradoxical, at first sight, result about the equality to zero of the resultant of all forces affecting a body. Therefore, in the conditions of an ideal fluid, we have to introduce various schemes of cavity closure to resolve the above paradox indirectly. In this respect, we may mention the schemes of Ryabushinskii, Zhukovskii-RoshkoEpler, or Efros-Gilbarg-Kreisel. It is obvious that only study of processes that happen in the tail part of a cavity and the plotting of a successful scheme of tracking it (the type of turbulent wake behind a body when determining its viscous resistance) can yield a satisfactory solution to this important problem.
Second, noteworthy is the need to develop the theory of blade mechanisms and machines. The design and development of mechanisms that operate in supercavitation modes are associated with a fundamental problem of hydrodynamics, namely, the determination of forces that affect a body during its steady motion in a homogeneous medium at rest. Here, cavitation also appears owing to growth of the high speed of machines and mechanisms, for example, ship propellers or water turbines and pumps. At the initial stages of cavitation or when machines are overloaded, the destruction of small bubbles, which accompany the appearance of cavitation, may serve as a serious hindrance because of the appearance of vibration, noise, and erosion. In addition, as circumferential speeds grow, it becomes impossible to avoid the rise of fully-developed cavitation on the blades of the devices. Therefore, in such cases, the operation of hydraulic bladed mechanisms and machines in supercavitation modes gives the only opportunity for normal and high performance if the above hazardous effects are fully or partially eliminated. In this respect, there are only individual fragmentary theoretical data available. As a rule, bladed devices are designed purely empirically, selecting rational proposals, which serve as occasional inventions. Therefore, it is essential to study seriously the hydrodynamic principles and theoretical basics of calculating and designing optimal blade mechanisms that operate in the mode of fully-developed cavitation (supercavitation). In particular, of great importance may be the development of blade shapes, the drag surface of which is covered by an air bubble, i.e., without resistance, and the pressure face of which gives the required carrying load.
Third, it is necessary to pay attention to the hydrothermodynamics of water-steam mixtures. As cavities filled with steam and gases (because of the loss of stability or in the track behind the closure area) collapse, many small secondary cavities are formed and a sufficiently heavily stirred steam-gas-liquid mixture occurs. For such polyphase mixtures, common concepts and regularities stop being valid, because the very classical model of a continuum loses sense, and any continuity of reference values becomes out of the question.
The laws of mass exchange, as well as pulse and energy transfer, for such media, probably, depend substantially on the aggregate state of components that constitute the mixture, and it is impossible to establish them without involving purely thermodynamic ratios. Let us consider the simplest flow in a pipe as an example. For the case of a flowing medium that fully consists of a dropping fluid or a compressible gas, now it is possible to obtain all the characteristics of interest. However, for a mixture, for example, of water and steam, it is impossible to obtain any definite data. There are only limited data about the reduced viscosity of high-dispersion gas-liquid mixtures.
Organization of science in the project. On July 30, 2012, in Severodvinsk, V.V. Putin held a meeting "On the Implementation of the State Armaments Program in Terms of Outfitting the Navy" [23] and said, in particular, It is necessary to start creating perspective new-generation vessels at an accelerated pace. This also applies to the submarine and marine fleet. Promising vessels in particular will shape the future of the Naval forces; that is, they should have the corresponding armaments, control systems, intelligence, communications.… It is necessary to amplify the vectors of the State Program on Armaments associated with R&D for the creation of arms complexes and systems for the next-generation vessels.… Let us start working.
The importance of large-scale hydraulic studies was also stressed at a meeting of the Hydroelectric Plants and Waterworks section of the Science-andTechnology Council of the Unified Energy System for investigation of the causes of the emergency at the Sayano-Shushenskaya hydroelectric plant [24] . The topicality and scientific interest in further theoretical, model, and field studies on dynamic systems of highpressure hydroturbines were noted, including determination of the boundary conditions for safe operation of hydroelectric plants. In order to implement the proposed program, it was recommended to conduct scientific studies on specialized benches, similar to the high-pressure bench at the Krasnoyarsk hydroelectric plant. * * * In summarizing this article, let us formulate several conclusions and proposals. First, the experience of creating large gravitational hydrothermodynamic tunnels at the Krasnoyarsk hydroelectric plant with head pressures of up to 100 m is unique in the global research practice. Studies conducted in the 1980s and 1990s on refining the design of apparatuses during the motion of bodies in water at high velocities and on testing turbines and materials in flow in terms of cavitation, erosion, and fatigue made an invaluable contribution to the improvement of the country's defense capacity and economic development. Significant achievements of that period were the antisubmarine missile complex Shkval, the refinement of hydroreactive systems and propulsion devices, etc.
Second, for the development of research in highvelocity hydrodynamics, which is of strategic importance for Russia's national security and sustainable economic growth through the active exploration of Siberian and Arctic regions, it is advisable to establish a federal research center for high-velocity hydrodynamics based on the HHL at the Krasnoyarsk hydroelectric plant. This is exceptionally important in terms of amplifying the intentionality and magnitude of works on hydrodynamics in the near future and in the long-term perspective.
Third, the research center for high-velocity hydrodynamics (RC HVH) can achieve results the value of which depends on the maximal approximation to conditions applicable to experimental units and to the real conditions of operating hydrotechnical equipment, marine and underwater vehicles, sea-based complexes, and energy systems.
Fourth, the implementation of the RC HVH project requires cooperation with the world's centers of innovative technologies, which is advisable for ensuring the competitiveness of Russian developments. However, such cooperation should be primarily oriented at the development of the domestic research and production base, as well as the promotion of domestic scientific developments, goods, and services in order to achieve leadership in end-product markets of both civil and dual-purpose goods.
Fifth, a key factor of success in technological development lies in building firm relations between leading Russian research and educational centers and production enterprises oriented at the commercialization of the latest technologies inside the country, as well as abroad.
The creation of a state-of-the-art high-tech research center for high-velocity hydrodynamics as part of the HHL of Krasnoyarsk hydroelectric plant would propel to the next level basic and applied research in the interests of the Russian Defense Ministry and would also improve the economic efficiency of applied research in the use of hydroenergy. In order to implement such a project, the region has the necessary highly professional creative personnel among the scientists of Siberian Federal University; the Nauka Specialized Design Technology Office, ICT, RAS SB; the Institute of Thermophysics, RAS SB; and other leading scientific organizations. The idea of renewing the laboratory's activities at a qualitatively new worldclass level is supported by the administrations of Krasnoyarsk krai and Divnogorsk, the Joint Learned Council on Information and Nanotechnologies of the RAS SB, and the Risk and Safety working group under the RAS President.
The purpose of this article is to draw the attention of the interested part of the scientific community and enterprises of the corresponding industries, as well as ministries, departments, and various foundations, to the creation of a high-tech research center for highvelocity hydrodynamics.
